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ABSTRACT 
 
Sustainable and equitable fisheries are central for addressing the challenges of the UN 
Sustainable Development Goal 14: Life Below Water. International trade, once presented by 
Walrasian economists as a panacea for fisheries development, has not markedly decreased 
poverty and has been related to the overexploitation of marine species. In this light the 
consequences of a continued expansion of seafood trade are highly uncertain and problematic. 
Two competing theoretical hypotheses predict either overexploitation or recovery of marine 
species when connected to international trade, respectively. The empirical literature finds trade 
relationships and connections of local fisheries to a large-volume market critical factors for 
social-ecological outcomes. Here, I combine these insights to show that multi-level links, 
between fishers & different markets (market manuscript) and marine species & trade 
relationships (squid manuscript), are critical to explain diverging social-ecological 
outcomes. In the market manuscript we model the transition from local, to multi-level (both 
local and global), to global markets in a two species fishery. We find this transition is non-
linear, leading to fluctuations in species abundance as a result of abrupt switches between target 
species. Critical fluctuations of species abundance driven by new market connections are a 
result of large shifts in prices for one species and high asymmetries in expected income between 
the two species. The squid manuscript provides empirical and modeling evidence that cyclical 
changes in the ocean can drive social-ecological systems outcomes through changing 
interactions at multiple levels. The interactions between squid population and fishers and squid 
distribution and trading structures determines benefit distributions in the fishery. The lack of 
consideration of multi-level interactions related to trade in models for fisheries management is 
likely associated with a lack of processes for integrating the empirical and theoretical insights 
of two disciplines at the core of fisheries science. Social-ecological system scholars study more 
often empirical and fishery economics the theoretical aspects of interactions between trade and 
fisheries. One process suggested in this thesis to bridge insights from both disciplines in fishery 
models is the careful study of the important interactions in the empirical case. Comparison of 
these interactions with observed empirical interactions in other systems informs the model 
conceptualization that is then embedded in a theoretical framework. This leads to the 
development of models of intermediate complexity  that integrate insights on regular 
structures and patterns observed in real social-ecological systems. The squid manuscript 
exemplifies this integration. We integrate observed multi-level links in a standard fishery model 
between the squid population fishers and traders, and thus better represent the empirical system.  
A continuous dialogue between empirics and theory can help build models of intermediate 
complexity. To capture the complex elements of these social-ecological systems, in this young 
field of study, next to a continuous dialogue priority observed empirical dynamics can help 
question theoretical assumptions. This study seeks to contribute to the development of fisheries 
management models more suitable to face contemporary challenges of fisheries management 
by focusing on how multi-level interactions between fisheries and trade shape sustainable and 
equitable outcomes.  
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The UN Sustainable Development Goal 14 (SDG 14) pays special attention to the development 
of the world´s fisheries. It aims to achieve sustainable use of fisheries and equitable benefits for 
fishing communities by 2030 (United Nations, 2015). This global agenda depends on many 
diverse, individual fisheries worldwide. Among these fisheries similar patterns of marine 
species use and benefit distributions have been found that are associated with large-scale 
changes in international trade markets. For instance, small-scale fisheries connected to 
international trade markets have been found to show similar patterns of unsustainable resource 
use and inequitable wealth accumulation in many countries including Malaysia, Kenya and 
Ecuador. The study that identified these patterns finds market demand from China to be the 
principal factor associated with unsustainable and inequitable outcomes (Crona et al., 2015). 
The outcomes in local fisheries are a result of the interactions with international market demand. 
In the theory of complex systems, patterns at one scale, such as sustainable or unsustainable 
use of species at the local level, are the result of processes at other scales1 (Cash et al., 2006; 
Gibson et al., 2000; Levin, 1992). One such phenomenon that shapes local fisheries across 
scales is the expansion of international trade in seafood, that connects local supply with 
international demand. The change from local to global markets introduces a new cross-scale 
interaction in the local fishery. Namely, local fisheries are connected to global seafood trade 
markets through trade structures and then get affected by international prices (Perry et al., 
2011). Changing prices lead to changing incentives to fish which may lead to new patterns of 
fishery use (Clark, 1985).  
 
International trade in the fishery sector of many low-income countries has been associated with 
the overexploitation of stocks (Lenzen et al., 2012; Moran and Kanemoto, 2017). In this light 
the recent exponential expansion of trade which by 2014 made seafood the most internationally 
traded food item, is worrisome (FAO, 2014). But the question whether trade has a sustainable 
or unsustainable effect on fisheries has not been conclusively answered. Two contradictory 
hypothesis regarding the effect of expanding international trade on the sustainability of marine 
species use, predict both overexploitation and recovery as an outcome in local fisheries 
(Erhardt, 2018). Two recent global studies support both hypothesis, respectively (Eisenbarth, 
2017; Erhardt, 2018). The factors and conditions which lead to either outcome are thus of major 
interest to support a differentiated understanding of the effect of international trade on the 
sustainability of marine species use. How different factors are associated with sustainable and 
unsustainable outcomes for small-scale fisheries has been explored in a comparison of case 
studies (Crona et al., 2015; Ferrol-Schulte et al., 2014). Regarding trade related factors Crona 
et al. (2015) find demand from China and trade relationships between fishers and traders 
(patron-client relationships) to be key determinants of outcomes associated with the trade of 
seafood. Modeling and empirical studies showcase the decisions of fishers in the presence of a 
global market (Béné and Tewfik, 2001; Salas et al., 2004). How these decisions are modified 
through the changes from a local to a global market remains to be explored.  
 
International trade in the fishery sector of many low-income countries has not evidently reduced 
poverty (Béné et al., 2010; Béné and Neiland, 2003). The lack of poverty reduction is thought 
to be a problem of distribution of economic benefits from the fishery (Drury O’Neill et al., 
2018; Kurien, 2005; Wamukota et al., 2014) rather than a lack of turnover from the fishery 
(Gephart and Pace, 2015). Generally, prices and how they are transmitted is central to the 
distribution of economic benefits (Meyer and Cramon-Taubadel, 2004). The relative share of 

                                                
1 I refer to scales as the measurable units along dimensions such as space and time and as levels of organization in a 
hierarchy. The definition of levels and scales is outlined in section SES complexity in “Global change and cross-scale 
interactions” 
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the prices that fishers receive is negatively related to the prices that consumers pay (Purcell et 
al., 2017). Price transmission in the seafood supply chain has been found to be mediated by 
trade structures such as the relationships between traders and fishers. These relationships can 
change the distribution of benefits (Barclay et al., 2016; Ferrol-Schulte et al., 2014). They were 
found to be reinforced through connections with global markets (Ferse et al., 2014; Johnson, 
2010; Platteau, 1989). Reinforcement of relationships between fishers and traders could 
happen, for instance, because fishers themselves have no access to international trade markets. 
But also internal dynamics, such as debt accumulation have shown to reinforce this relationship 
(Ferrol-Schulte et al., 2014). The trade relationships shape the distributions of benefits2 but are 
themselves subject to change (Platteau, 1995). 
 
The fisher and their interaction with the target species are at the heart of contemporary fishery 
science (Clark, 1985; Fletcher et al., 2003). The sustainable use and equitable distribution, that 
we have discussed until now, are in reference to these two entities that are conceptually 
intertwined. They are intertwined through their interdependence, i.e. any change occurring to 
one necessarily affects the other. The fisher is embedded in a social and commercialization 
system and the target species are embedded in the ecosystem (Aburto et al., 2012; Frank et al., 
2007). If these systems change driven by interactions at other scales fishers and target species 
adapt interdependently (Kallis, 2007). For example, changing prices lead to changing incentives 
to fish which may in turn lead to new patterns of fishery use (Béné and Tewfik, 2001; Clark, 
1985; Salas et al., 2004). However, Béné and Tewfik (2001) find that expected returns were the 
primary incentive to fishing decisions next to other factors such as experience in fishing but 
other factors might be primary in other cases. Lastly, the co-evolving adaptations of fishers and 
target species lead to emergent outcomes of fisheries use and distribution of benefits, therefore 
a dynamic view is critical to understanding.   
 
The objective of this thesis is to assess the effects of trade interactions across levels and 
scales that shape the use of marine species and benefit distribution. I explore ways to allow 
for an integration of these interactions into models that can support strategic fisheries 
management.  
 
Two gaps limit or even obstruct the needed level of integration between theory and empirics 
and between disciplines to attain this aim and address contemporary fishery challenges related 
to trade interactions. First, models for fishery management have yet to integrate the more 
nuanced social-ecological dynamics that are observed in real fisheries. Second, processes are 
needed to further integrate the two disciplines at the core of studying interactions between trade 
and fisheries, social-ecological system science and fishery economics3.  
 
The way prices are accounted for in mainstream fishery economics often omits cross-scale 
interactions and trade relationships that shape prices. Models from natural resource economics 
i.e. theoretical, bioeconomic models have long been used to support strategic fisheries 
management (Clark, 1985; Wilen, 2000). These models are used to help understand processes 
that drive and anticipate observed patterns of fishery outcomes (Putten et al., 2011; Schlüter et 
al., 2012). Major scientific effort in the past has been channeled into the pursuit of 
characterising eonomically optimal solutions and building rigorous dynamical models (Wilen, 
2000). However, only few fishery models have integrated the processes of changes in trade 
                                                
2 What is referred to as assymetric price transmission  has been showcased in fisheries worldwide (Crona et al., 2010; Ferse 
et al., 2014; Merlijn, 1989; Nascimento et al., 2017). 
3 Fishery economics as a sub-discipline of natural resource economics and although not explicitly listed some of the 
development economics literature is relevant here, too.  
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markets and trade relationships that are directly relevant to the UN SDG 14. Some notable 
exceptions include the recent empirical and modeling advances that address the effect of a 
decreasing price curve on the sustainability of fished target species (Burgess et al., 2017; 
Fryxell et al., 2017). Also, a number of complexity scholars have modeled the effects of trade 
relationships on prices in fishery markets, excluding ecological considerations (Kirman and 
Vriend, 2000). These efforts have yet to be integrated to allow a more nuanced support of 
fisheries management that takes into account complexities from real fisheries.  
 
The way trade and market interactions in fisheries are taken into account in the social-ecological 
systems (SES) literature differs profoundly from a fishery economics approach: SES research 
uses different methods, conceptualizes problems differently and references often other bodies 
of literature than fishery economic theory (Dietz and Neumayer, 2007; Spash, 2012). The 
interface between fisheries and markets displays this dichotomy: the SES literature is populated 
with rich empirical case studies and uses methods that reflect the complexity of the system 
(Bodin et al., 2006; Crona et al., 2010; Ferse et al., 2014; Thyresson et al., 2013). For instance, 
in their research,  Ferse et al. (2014) use methods from anthropology scholars to frame, 
reference, and address sustainability and fisheries issues. Vice versa models from fishery 
economics often remain comparatively simple and closer in reference to economic thought (i.e. 
Burgess et al., 2017; Fryxell et al., 2017; Le Bris et al., 2018). The continued siloed approaches 
between disciplines have more generally been anticipated to obstruct theory building between 
the two disciplines (Moran and Ostrom, 2005) but are also at the heart of solving contemporary 
fishery related challenges. Advances in this direction include the comparison of cases and 
integration with economic thought (Crona et al., 2016) and common ground in modeling and 
studying fishers´ behavior (Béné and Tewfik, 2001; Salas et al., 2004). Processes are needed 
that provide a platform for further integrating insights generated from both social-ecological 
systems research and fishery economics at the interface of trade and fisheries.  
 
Three complementary research questions that arise from the challenges, objectives and gaps 
outlined above:  
 

RQI: How do the multi-level interactions between fisheries and trade affect sustainable and 
equitable outcomes?  

 
RQII: How to connect the different insights from SES scholars and fishery economics to 
better understand social-ecological outcomes from interactions between fisheries and 
trade?  
 
RQIII: How can SES complexity, including multi-level interactions, be operationalized in 
a way that it can be used in standard models for fisheries management?  

 
This licentiate thesis develops insights of how the interactions across levels and scales between 
trade and market structures, fishers and ecological variables lead to different social-ecological 
outcomes in fisheries. I used the process of conceptualizing, analyzing and evaluating a 
theoretical and an empirical model to methodologically advance capturing SES insights in 
digestible formats for  strategic fisheries management. I answer the research questions in both 
manuscripts included in this thesis with models. The market manuscript asks what are the 
effects of changing from local to global markets on the outcomes in a two-species fishery. The 
analysis focuses on RQI by looking at the outcomes in terms of fishers´ income and serial 
exploitation of two target species in the transition between the markets. The market manuscript 
focuses on RQIII by relating typical price curves from theory to different markets i.e. local and 
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global markets in the process of globalization. The squid manuscript asks how prices from the 
global market to the fisher are mediated by trade structures and how in turn these trade 
structures change with changing environmental conditions. It particularly studies the dynamics 
of the Humboldt squid fishery in North-West Mexico which is driven by oceanographic 
changes. The analysis contributes to RQI by focusing how equitable outcomes, the equitable 
distribution of benefits between fishers and traders, are shaped by multi-level interactions 
between oceanographic change and trade structures. RQII is attended to by identifying and 
integrating informal trade structures that are described in many empirical studies but have not 
entered into the modeling literature. The research approach of the squid manuscript contributes 
to RQIII by integrating interviewee information into the structure and analysis of the model 
and by operationalizing the identified species-trader interactions in a widely used bioeconomic 
modeling framework.  
 

Manuscripts 
Manuscript 1: market manuscript 

i. Elsler, L., Drohan, S., Schlüter, M., Watson, J., Levin, S. Local, Global, Multi-
level: market structure and multi-species fishery dynamics. Under review in 
Ecological Economics. 

Manuscript 2: squid manuscript 
ii. Elsler, L., Frawley, T., Britton, G., Gilly, W., Crowder, L., Schlüter, M. 

Oceanographic change and inequity: multi-level links in the Humboldt squid 
fishery. Draft manuscript in preparation for PNAS.  

SES complexity 
Theoretical framing: the interface between economics and complexity 
The theoretical framing of this thesis lies at the interface between economic theory and social-
ecological complexity. The manuscripts draw from both fields in their problem framing, 
conceptualization and analysis and seek for a useful integration of the two fields of research to 
address sustainability challenges in fisheries. Within economic theory I draw from natural 
resource economics, more specifically fisheries economic theory, to describe interactions 
between fishers and the species they target (Clark, 1976; Salas et al., 2004). I represent fishers´ 
decision-making in my models through bounded rationality (Katsukawa and Matsuda, 2003; 
Mansal et al., 2014; Morecroft, 1983) which Salas and Gaertner (2004) find to be a good 
representation of fishers decisions. Another element of economic theory this thesis uses is 
market theory. Market theory has established a rich understanding of the dynamics of prices 
and industry organization (Mankiw, 2015; Stigler, 1964; Tirole, 1988). Theories on price 
dynamics are useful to understand incentives in fisheries that drive fishery use patterns. The 
theories of industry organization allows to understand how trade structures, essential to the 
distribution of benefits, are formed, operated and terminated. These theories have found less 
consideration in SES research but are a useful complement to the SES research agenda (Kramer 
et al., 2017). It allows making sense of the economic processes that influence fishery outcomes 
(Crona et al., 2010, 2016; Purcell et al., 2017; Wamukota et al., 2014). Recent advances from 
SES scholars to study trade relations and the transmission of prices base their work on the 
economic approach of supply chain analysis (Drury O’Neill et al., 2018; Wamukota et al., 
2015).   
 
SES theory draws fom complex adaptive systems thinking. In complex adaptive systems 
observed patterns are consequences of mechanisms that occur typically at different scales of 
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time, space and organization. The observed patterns at higher scales emerge through self-
organization of lower scale parts and patterns at lower scales are subject to higher scale 
constraints and selection (Levin, 1998, 1992). In fisheries markets, for example, fishers could 
be constrained by prices that are determined at higher scales and fishers interact locally with 
their resource potentially leading to global patterns of serial exploitation (Berkes et al., 2006). 
This interplay of emergence and macro-level constraints makes the macroscopic pattern 
“neither completely regular nor completely random” (Sayama, 2015). This regularity cannot be 
studied in the careful dissection of individual parts. With regularity I refer to regular observed 
temporal and spatial patterns and structures in SES. Systems that are non-linear and not 
deterministic but display some regularity require a focus on this regularity. In my research I 
found the conceptual focus on structures and patterns4 useful vehicles to identify this regularity. 
Patterns and structures are constituted of a “typical list of ingredients” i.e. conditions and factors 
that interact, and that lead to similar SES outcomes. Structures and patterns of prices, trade and 
fishery markets, that are identified in multiple empirical contexts, display this regularity. 
Therefore I choose patterns and structures to study the interactions across levels and scales in 
fisheries.  
 
Complexity thinking is both guidance and limitation to my research. It guides the research 
questions that I generate. For example, by integrating multiple stakeholder perspectives (squid 
manuscript). Taking complexity as a lens also presumes the inherent limitations to forecast 
future systems behavior. Limitations to forecasting and prediction have a strong implication for 
this thesis which draws methodologically on the tool of modeling. I pursue this discussion 
further in the paragraph on modelling in the approach section.  
 
Large-scale changes and interactions across levels and scales 
A myriad of cases and frameworks have emerged to investigate interactions across levels and 
scales. The first challenge in research of level and scale interactions is the ad hoc use of cross-
scale interchangeably with exogenous drivers, multi-level connections and cross-dimensional 
interactions (Gibson et al., 2000; Peters et al., 2004; Soranno et al., 2014). This thesis uses the 
following definition to overcome the limitations of the terminological challenge of interactions 
across levels and scales (Figure 1). Cross-scale interactions (CSI) are interactions between 
driver(s) and response variable(s), where the two variables are defined at different scales. I refer 
to a dimension5 if its properties are measurable in scales that are distinct, order in size and have 
equal intervals6 (Ringsmuth et al., in prep). Otherwise I refer to a hierarchy that is organized in 
levels, where a level is defined in relation to other system elements; interactions between these 
levels are cross-level interactions (CLI). A hierarchy could be for example structured by levels 
of political organization in a republic. For example, an interaction between a community and a 
nation would be a CLI, if the spatial expansion of a community is in m and the nation in km 
also a CSI exists. Some of these interactions are of notable interest, particularly if CLI and CSI 
have some non-linear or non-additive influence i.e. if one community disproportionately affects 
the nation. I choose this definition because it aligns well with disciplinary use of terms (scale 
used in natural sciences and levels used in social sciences) and continues to allow to precisely 
name all potential interactions that might arise. The second challenge relates to the plurality of 
frameworks that aim to capture key elements of cross-scale interactions but which are often 
only composed or connected to a single or few cases (Adger et al., 2005; Chapin et al., 2009; 
                                                
4 I refer to sets of variables and the links between them as structure. I refer to patterns as sets of processes and the 
interactions between them. This touches on the discourse of integration between the structural and dynamic aspects of 
CAS, for a first discussion see Strogatz (2001).  
5 A measurable property of a dimension could be for example length, time, energy, population, income or concentration.  
6 As for example the length scale or the Celsius temperature scale.  
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Soranno et al., 2014). This thesis addresses the 
second challenge, by selecting critical CSI and 
CLI research challenges and framing the 
results within scale and level interactions 
contributing to an emergent research field.  
 
Interactions across levels and scales are a 
central concept of complex adaptive systems 
and of this thesis. The interactions I consider in 
my manuscripts are between spatial scales: 
global trade and local fishery (market 
manuscript) and planetary-scale 
oceanographic oscillations and local 
biophysical conditions in the Gulf of 
California (squid manuscript). Unlike 
oceanographic oscillations the expansion of 
seafood trade creates new interactions at the 
global level that become key determinants of outcomes in the local fishery. A focus of both 
manuscripts are multi-level interactions: in the market manuscript the local fishery is connected 
to both the local and the global market and in the squid manuscript the adaptations of the target 
species have direct consequences at both fishers and traders level.  
 
Modeling in fisheries 
Models are useful tools for supporting SES management (Levin et al., 2012). Models 
increasingly integrate disciplinary insights in fisheries research through social-ecological 
frameworks (Schlüter et al., 2012). Accounting for complex social-ecological structures in 
models for fisheries management, as this thesis intends, has been more succesfully for 
ecological complexity. Bioeconomic models, central to the pursuit of fisheries management, 
include age-structured populations (Schaefer, 1957; Tahvonen, 2009), spatially explicit fishing 
(Pelletier and Mahévas, 2005) and multi-species fisheries (i.e. Chaudhuri, 1986). There 
remains, however, a distinctive lack of mainstream integration of social and economic 
complexity in bioeconomic models. Beyond the realm of bioeconomic models we find social 
complexity addressed in game theoretic models of exploitation of fisheries (Bailey et al., 2010), 
agent based models of the formation and operation of commercial institutions (Kirman and 
Vriend, 2000; Lindkvist et al., 2016) social networks of natural resource management (Bodin 
et al., 2006) and human behavior in natural resource management (Fulton et al., 2011; Schlüter 
et al., 2017; Wilen et al., 2002) – that contribute to an understanding of social-ecological 
complexity. But bioeconomic and other models that are widely used to guide strategic fisheries 
management continue to remain reductionistic, with noticeable exceptions such as Atlantis 
(“Atlantis Ecosystem Model,” 2017). 
 
These reductions may be a result of the limits of complexity political actors in the process of 
formulating policies and designing interventions can digest (Orach et al., 2018). As well as a 
result of political actors being afraid of evidence which “makes life too complicated” (Holmes 
and Clark, 2008). The simplicity required in the political process thus matches well with 
reductionistic scientific approaches. To find a middle ground between complexity and 
simplicity the earlier discussed patterns and structures might be useful elements to capture and 
communicate the regularity of complex systems. Therefore I propose that focusing on vital, 
recurring (economic) structures may help overcome the dichotomy between natural resource 
management and social-ecological complexity in fisheries. Advances in this line of thinking is 
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like Bodin and Crona (2009) try to break down complexity of social structure into relational 
patterns.  

Methodological approach  
Case study description and motivation 
The desert peninsula of Baja California embraces the Sea of Cortez, the living aquarium of the 
world (Cousteau). Humboldt squid aggregates in the Gulf at certain times during which local 
and migrant fishers, and even taxi drivers, teachers and mine workers get into the fishery to 
profit from the squid aggregations. During colder, more productive years squid fishers benefit 
from high catches but have to sell their catches to a tightly nit traders network that fixes prices 
in Santa Rosalia and Guaymas. Catch volumes reduce and trader competition increases in the 
transition years. This means fishers oscillate between being price takers and price setters in the 
fishery. In 2010, for example, squid fishers and squid traders tracked a squid aggregation in 
Bahia Magdalena 1200nm (~200km over land) away from the regular center of the fishery 
(Schneller et al., 2015). The fishery collapsed in 2014 from the shared influence of sustained 
warming and El Niño conditions. The fishery collapses as a result of behavioral and 
phenotypical adaptations of squids to oceanographic changes to which the fishers cannot adapt 
(Hoving et al., 2013).   
 
Three reasons motivate the choice of Humboldt squid for the development of a model with 
interactions across levels and scales that drive local fishery outcomes. First, the high sensitivity 
of the fishery to oceanographic changes make it a prime example to study how the trade and 
market structures fishers are embedded in and co-evolve with the changes in oceanographic 
conditions. Variability in the oceans is bound to increase under current projections of climate 
change. Adaptations of species to changing oceanographic conditions are already reported and 
establish the need to consider the adaptation of fishing and trading arrangements. Second, the 
Humboldt squid has a high-life history plasticity that allows for rapid responses to 
oceanographic changes rather than species collapse, which make the results of this study useful 
for fast responding species. These changes include migration that drive adaptations of the 
fishing and trading arrangements. Third, social and ecological data of the fishery, vital for the 
case specific modeling, was available for the squid fishery. 
 
Research and modeling approach 
Complexity as a lens limits what modelers can realistically hope for to predict or forecast. In 
parts this might explain the slow adaptation of SES complexity in models associated with 
fishery economics. Modeling, traditionally used to predict and evaluate policies in natural 
resource management, enters an unfolding crisis of raison d´être, where simple models are often 
questioned or even rejected (Allison et al., 2018; Costanza et al., 1993; Radzicki, 2009). Novel 
applications of modeling that account for social-ecological complexity have developed. The 
applications most relevant to this thesis include testing and challenging assumptions about 
mechanisms that underlie a social-ecological phenomenon (Lade et al., 2017; Schlüter and 
Lindkvist, 2014; Tavoni et al., 2012) and modeling as interface to integrate across and 
overcome disciplinary barriers in SES (Lade et al., 2015; Leslie et al., 2009). This establishes 
some of the requirements to complex models I have in my research. If models become “black 
boxes” they do not allow any longer to develop conditional rules. Therefore I have the 
requirement to the models I build to remain tractable. Complex models should allow to 
synthesize diverse and seemingly incompatible forms of knowledge such as qualitative 
interviews and statistical data sets (Lade et al., 2015). Therefore the models require the 
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integration through a coherent, theoretical framework. To operationalize this requirement this 
thesis heavily draws on a back and forth between theory and empirics.  
 
Approach: models between theory and empirics 
In general, both studies presented in this thesis  rely on standard models from bioeconomics. 
However, the bioeconomic framework was employed at different parts of the study. In the 
market manuscript we start with a bioeconomic model (Figure 2, model structure) and consider 
how the fishery is affected by globalizing markets. We are inspired by the exploitation patterns 
documented for the sea cucumber and sea urchins (Anderson et al., 2011; Berkes et al., 2006; 
Eriksson et al., 2015) (Figure 2, problem formulation). We characterize different price 
structures that may prevail in the process of globalization in a local fishery, informed by 
theoretical considerations from price theory (Figure 2, formulate functions). We associate three 
price structures with a local, multi-level and global market. In simulations we describe their 
effect on fishing income and exploitation of target species in the transition towards a globalized 
market.  
 
Before developing the squid model, a set of interviews were conducted in the field as a scoping 
of fisheries and their market organization in North-West Mexico. From these interviews I 
identified a set of cases relating to the central framing in cross-scale interactions. The specific 
narratives emerging from the interviews shaped my thinking of the diversity of challenges the 
fishery faces (Figure 2, problem formulation). After an in-depth review of the Mexican fisheries 
literature I selected the squid case study. I complemented available data with semi-structured 
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interviews to identify and formalize interactions between system elements, such as squid 
dynamics and trade structures (Figure 2, model structure). It was my aim to capture questions 
relevant to the Humboldt squid case. Therefore I conducted a policy narrative analysis to get 
an overview over the relevant questions asked in the fishery (Figure 2, problem formulation) 
that is more in depth described in the last chapter of this section. I integrated this initally only 
empirical model iteratively into a bioeconomic modeling framework. The formulated functions 
in the final model are a combination of theoretical bioeconomic functions and fitted functions 
from data (Figure 2, formulate functions). The data sets used to fit functions and validate results 
describe socio-economic indicators (prices and trade volumes), water temperature profiles 
(CTD casts) and sea surface heights (remote sensing data). Missing data on i.e. parameters of 
the squid population and cost factors in the fishery could be retrieved from the literature.  
 
Table 1. Interviewees by type and exposure to the squid fishery. Correspondence of the answers 
to the model elements and interactions.  

Type of stakeholder Experience & previous 
studies 

Correspondence in the model  

Marine ecologist (PhD), 
CIBNOR 
 

Ecology of squid under 
oceanographic change 

Oceanographic change and 
interaction with squid 
dynamics 
 

Fisher, permit holder and head 
and co-founder of the Comite 
Sistema de Producto del 
Calamar Sonora 
 

Several decades of fishing and 
commercialization experience, 
policy negotiations 

Fishing and commercialization, 
adaptation of fishers and 
traders, price dynamics, fishery 
outcomes 

Natural resource researcher for 
policy support (PhD), Instituto 
Nacional de Pesca 
 

Socio-economic analysis of the 
squid fishery 
 

Fisher adaptation and price 
dynamics, fishery outcomes,  
market interventions 

Foreign sustainability 
researcher and lecturer 
(Professor) 

Fishing of squid aggregation 
 

Adaptation of fishers and 
traders, fishing of aggregations, 
price dynamics  
 

Economist (Professor), 
UABCS  

Economic fishing activities in 
the Gulf, rentability of squid 
fishery 
 

Commercialization 
arrangements, fishery 
outcomes, price dynamics, 
market interventions 

Marine resource researcher 
(MSc),  CICIMAR 

Squid market and value chain 
analysis  
 

Commercialization 
arrangements, price dynamics 

Marine scientist (Profesor), 
UABC  

Oceanographic changes in the 
Gulf of California 
 

Oceanographic changes and 
interaction with squid 
dynamics 
 

Fisheries policy consultant 
(PhD), UABC/ Instituto 
Nacional de Pesca 

Fishing dynamics and viability 
of squid fishery in Pacific  
 

Squid fishing, squid 
aggregations 

 
The second round of interviews was conducted with experts in the squid fishery. I selected the 
interviewees according to their expertise in the squid fishery from the fields corresponding to 
the model components: commercialization and trade, fishing, oceanographic interactions with 
the squid (Table 1). The interviewees are related to either the science or the policy aspects of 
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the fishery to support developing an understanding of the complex interactions and to translate 
this understanding towards fisheries management. The researchers included have worked 
several years in the squid fishery, for example, tagging squid, interacting with fishers, as supply 
chain actors and in the fisheries authorities. The interviews supported to conceptualize the 
model, to assess the landscape of social-ecological states7 the fishery system has existed in and 
probabilities of other configurations of the system.  
 
 
Exchange with the study system & policy narrative analysis 
Sustainability researchers in case studies find themselves in a tension between case-relevant 
problems and solutions, personal interests and relevance to larger sustainability questions (Lang 
et al., 2012; Pohl, 2008). Rarely, these three overlay but are in need of negotiation within the 
researcher. I consider navigating this tension a vital aspect to what we engage with and uncover 
the positions we choose to ignore, align with or oppose as a contribution to transparency in 
rigorous sustainability science. For the squid manuscript I adapted narrative policy analysis, as 
a method to uncover: 1) Which are the challenges stakeholders express in the squid fishery? 2) 
Which are the questions asked to address these challenges? Narrative policy analysis (Roe, 
1994) is a tool to identify dominant perspectives in the political and broader public arena and 
allowed me to regard views on the development of the squid fishery. I included views expressed 
in recent official policy documents, fishery research publications, congress statements and 
voluntary mangement commitments. I focus on policy and policy supporting documents based 
on the fisheries management focus of this thesis.  
 
The kinds of questions addressed in the fishery range from operational (4) to strategic (1) 
questions in the fishery. I choose to not advance the operational questions. I align with the 
strategic questions implicated in the General Fishery Law about the sustainability of the fishery, 
which overlay with the goals of sustainability science, the discipline this researched is based in. 
I also choose to pursue economic questions about benefits in the fishery (first discussed by: 
CIBNOR (2)).  
 
The questions posed above lead through a timeseries of iterative questions and answers. The 
first question in the fishery directly (2) identified the stronghold of Asian companies on the 
export – and thus the vast majority of traded squid – as central problem to the limited benefits 
in the fishery and for the fishers. (3) thus focused on how to curb national market demand and 
the barriers of adoption. (6) addresses these barriers and focuses on the de-facto implementation 
of increasing local demand.  
 
In the squid manuscript I question the solution of increasing demand, reflected in (6), in its 
limitation to reach the high-level directions for social sustainability (1). The modeling results 
indicate that increases in demand without attending prevalent trade structures in the fishery 
might increase the already severe inequity. I question this solution, employing the lense of 
social-ecological systems I discussed in the section on SES complexity8.  
 
 

                                                
7 I prefer to use state rather than equilibrium because of the inherent problematic of social-ecological systems that are 
never in equilibrium, which gave rise to the field of non-equilibrium dynamics and the idea of transition pathways (Chesson, 
2017).  
8 It is important to note that the results from the model are not 1-to-1 applicable in the squid fishery but may well be an 
important indicator that the proposed solution in the fishery need further investigation.  
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Table 2. Selected examples of the policy, research and management statements included in the 
narrative policy analysis. 

# Type of statement Stakeholder Year Question and challenge 
1 General Fishery Law  Congress of the 

United States of 
Mexico, 
operationalized by 
INAPESCA 

2007 How to manage the fishery integral and 
sustainably considering social, 
technological, production, biological 
and environmental aspects?  
 

2 Research document CIBNOR 2007 What are the economic issues that need 
to be taken into account to formulate 
management strategies? 

3 Research document CIBNOR 2008 What are the market characteristics of 
squid? What are the levels of 
consumption and barriers to adoption of 
the product?  

4 Program  INAPESCA 2012 How to increase the efficiency of squid 
extraction? 

5 Management plan INAPESCA 2014 How can the biological sustainability of 
the squid fishery be secured?  
 
How can the economic performance be 
improved to conform to quality 
standards and the adequate prices? 

6 Program Comite Sistema de 
Producto de Calamar 
Gigante 

2017 
 

How can the squid with added value be 
promoted on the local market?  

 
 
The policy narratives allowed to uncover questions pursued by different stakeholders. There is 
a recognition of trade-offs to which needs one can serve as a scientist. Not all questions make 
sense to align with. The choice of alignment, essentially a choice of maintaining one´s own 
integrity, is usefully guided by the discipline the research is harbored in. Making explicit whose 
questions and interests the research addresses, I perceive as key to eliminate overgeneralized 
research statements to unknown policy makers. 
 

Manuscripts  
Market manuscript: characterizes price curves in globalizing market structures in a local 
fishery and evaluates their effect on fishers´ income and sequential exploitation in a two-
species fishery by employing a bioeconomic model. The manuscript thus contributes to a 
nuanced understanding of the changes in fishing incentives and impact in the process of 
globalization.   

The expansion of international trade in seafood in the fishery context is widely discussed in the 
empirical literature (Anderson et al., 2011; Berkes et al., 2006; Crona et al., 2015; Purcell et al., 
2017). With seafood trade expanding to today more than 40% of landings that are exported 
(FAO, 2014) the market in local fisheries often changes with access to global markets from 
small to comparatively large volume markets. The price dynamics are a result of the type of 
market that prevails: in small volume markets prices decline over increasing volume, in large 
volume markets a single fisheries catch contributes a negligible volume and has no effect on 
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price. In price theory this is a result of prices reflecting a balance between supply and demand 
(Mankiw, 2015). In a multi-species fishery only one species may be traded globally and at a 
later time there can be spill-over effects to other species from already established trade 
connections (Crona et al., 2016). 
 
The modeling literature has contributed with models of specific case studies and the effect of 
price levels in fisheries (Fong and Anderson, 2002; Merino et al., 2010; Mullon et al., 2016) as 
well as theoretical papers of market change explicitly modeled through price variability and 
increasing prices (Homans and Wilen, 2005; Mansal et al., 2014). More recently interest in 
modeling price and market structures in fisheries has increased. Fryxell et al. (2017) test how 
the prevalence of one price structure contributes to overexploitation at low stock levels and 
Burgess et al. (2017) show that resource collapse only occurs under the combined influence of 
certain price curves and ecological dynamics. Which leads to the question which price and 
ecological conditions lead to collapses or sustainable use of fisheries. The market manuscript 
picks this question up in a theoretical model. It contextualizes price curves associated with 
fisheries that develop from local to global market interactions and assesses the effects of 
changing price structures on sequential exploitation of target species and fishery income.  
 
Grounded in natural resource economics the model of the squid manuscript engages with 
commonly assumed price structures, contextualizes them in reference to states of globalizing a 
local fishery and investigates their effects on fishery outcomes. The purpose of this manuscript 
is to systematically explore the effect of changing market structures on a local fishery. We focus 
on the transition from local (small volume) to multi-level (small and large volume) to global 
(large volume) markets in a local two-species fishery. We explore the effect of different market 
structures on serial exploitation of fish populations and fisher income. In this study we go 
beyond the economic proposition of the law of one price (Leonard, 1954) by allowing for a 
transition phase in which fisheries provide to local and global markets (multi-level market). 
The existence of multiple markets allows for price discrimination which has been described in 
empirical studies of fishery markets (Graddy and Hall, 2011; Kirman and Vignes, 1991). In our 
analysis we first compare market structures and analyze the systems’ equilibria then we regard 
the exploitation dynamics in the transition from local to multi-level to global market allowing 
the fisher to allocate affort between two target species. We assume that the fisher directly reacts 
to price and ecological signals, which has some empirical support (Béné and Tewfik, 2001) but 
is an oversimplification of the factors actually entering into the decision making process (Fulton 
et al., 2011). This limits the scope of the model results to fisheries where decisions are primarily 
driven by these two factors.  
 
We use different parameters for prices and species dynamics in these simulations. The key 
results from this manuscript are:  
 

• In transition towards a global market we show that exploitation leading to species 
collpases is prevalent in all markets. Our simulations show that collapses occur for the 
same parameter settings in all markets. But globalization of markets can lead to both 
species recovery and collapse. Recovery of an overexploited species occurs if the 
price and thus the incentive for the other species increases, this reduces the fishing 
pressure from the collapsed population.  

• In a local fishery that gradually transitions from local to global markets management 
needs to beware of non-linear price changes. Policies from earlier in the globalization 
process i.e. local to multi-level market might not be suitable to control for later 
changes in markets i.e. multi-level to global market. Market imperfections such as two 
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co-existing prices in multi-level markets (price discrimination) can, for example, lead 
to asymmetries in the process of moving from a local to a global market. In our model 
the changes are more pronounced between multi-level and global markets and as a 
result lead to destabilizing effects on species extraction.  

• High price asymmetries between the local and global market during globalization 
leads to high fluctuations in effort and risks collapse of fish populations. Slight price 
asymmetries between the species though have a stabilizing effect on effort allocation 
and reduce the risk of collapse. This is a result of profitability driven fishing: high 
price differences lead to high effort on a single species, low differences lead to early 
adjustments if population size and thus profitability decrease.   

• To maintain healthy population sizes we hypothesize that short-term policies to ban 
harvest for species recovery suit a local market in which incentives prevent 
overharvesting large populations. This is because of decreasing prices the profitability 
remains stable and prevent overharvesting. In global markets we expect sustained 
initiatives are needed to prevent overharvesting, where profits increase linearly with 
catches. On the contrary, continued effort on shrinking populations and potentially 
harvesting to extinction becomes more unlikely in a global market because of reduced 
income per unit effort. Multi-level market settings require sustained initiatives at any 
population size.  
 

In the model development process I began to realize that formulating empirical challenges and 
complex interactions in globalization through a theoretical economic approach can rapidly 
become restrictive. I attribute this at least partly to standard economic assumptions that at some 
point had simplified the system to a degree that there would be one explanation for one outcome 
(i.e. overexploitation occurs because profitability remains stable despite declining catches), and 
one outcome for one process (i.e. globalization leads to overexploitation). This grounding in an 
established body of research in this sense solidifies and confirms existing paradigms. The 
emergent criticism of the market manuscript shaped the path of the squid manuscript towards 
maintaining the simplicity of a bioeconomic framework but capturing key empirical 
complexities.  
 
Squid manuscript: investigates the effects of oceanographic variability and change on equity 
dynamics in the Mexican Humboldt squid fishery. It sheds light on how economic equity 
outcomes between fishers and traders are shaped by ecological dynamics and evaluates 
implemented market interventions.  

The empirical literature provides ample evidence to the limitations of translating global prices 
directly to fishers incentives. Trade relationships that are critical to the transmission of prices 
have been found to be pervasive in small-scale fisheries (Crona et al., 2010; Ferrol-Schulte et 
al., 2014; Merlijn, 1989). They are an example of a mechanism that can explain deviations from 
the law of one price (Leonard, 1954) that could explain the co-existence of multiple market 
prices that was presented in the market manuscript. Trade relationships in fisheries are often 
not limited to commercialization, rather fisher trader relationships contain a delicate mix of 
personal, moral, access and uncertainty-reducing elements, which determine the quality of 
relationship and its outcomes for the social-ecological system. Trade relationships can filter 
economic macro level variables i.e. through modifications in prices and economic incentives 
(Ferrol-Schulte et al., 2014). But there is no single documented effect of a relationships between 
fishers and traders on prices for fishers, rather in a diversity of settings several conditional 
patterns exist. The patterns show that fishers in relationships with traders get more, less or 
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equally much paid as their independent counterparts. Factors that have been found to lead to 
lower pay are in line with economic thought i.e. oligopolistic market structure, low fisher capital 
(Satria and Li, 2017), outstanding debts (Merlijn, 1989) and cultural practices. These factors 
reduce the bargaining power of fishers in relation to the trader. The fisher trader relationship 
needs thus to be contextualized with market conditions to understand price patterns.  
 
Faced with environmental change first marine species survival and migration is affected 
(Cheung et al., 2013; Pinsky et al., 2013). This in turn affects fishers, traders and other levels 
in the supply chain (Fleming et al., 2014; Pinsky and Mantua, 2014). Traders and fishers often 
face different restrictions and opportunities to adapt to changes in the environment (Kininmonth 
et al., 2017; Lindkvist et al., 2016; Sievanen, 2014). Their interdependent adaptations lead to 
changes in prevalent trade structures that can reinforce or weaken inequalities (Wamukota et 
al., 2014). The fisher trader relationship needs thus to be contextualized with environmental 
and market conditions to understand price patterns. Social and regulatory conditions might be 
equally important on this relationship in other contexts but are not primary to this case study. 
Previous studies have regarded the effects of oceanographic change on marine target species 
(Pinsky et al., 2013), fishery productivity (Brander, 2007) and fishers’ adaptation (Dey et al., 
2016; West and Hovelsrud, 2010). In the squid manuscript we widen this exploration on how 
oceanographic change affects both levels in the supply chain, fishers and traders, through 
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changes in the target species dynamics. Although there seems no explicit consideration of 
oceanographic impacts on trade structures in fishery models there is an example in the empirical 
literature (Fleming et al., 2014).  
 
The squid manuscript provides a starting point for the enquiry of the effect of oceanographic 
change on trade structures in the Mexican Humboldt squid fishery: it examines how 
oceanographic changes affect fishers and traders in different ways and how their adaptive 
responses lead to different social-ecological outcomes. The manuscript is thus positioned within 
the broader investigation of environmental change effects on fisheries. Within this larger pursuit 
we point out the importance of considering multi-level interactions between squid ecological 
dynamics and social variables as an important element that is often overlooked. Our particular 
variable of interest both within the broader frame of this thesis and the case study in particular 
is the equitable distribution of benefits between fishers and traders.  
 
In the first half of our analysis we analyze data, literature and interviews to build an 
understanding of the dynamics governing the squid fishery. Our analysis shows that in the 
Humboldt squid fishery in Mexico oceanographic change interacts through squid dynamics 
with socio-economic processes at multiple levels. Oceanographic changes lead to cyclical 
collapse, migration and recovery of squid (Markaida, 2005). The variables we define for the 
squid model are ecological, social and market (figure 3). The trade structures, in which fishers 
are embedded, are subjected to the oceanographic La Niña and El Niño cycles (represented by 
water temperature) through the squid dynamics. We integrated these empirical insights into a 
standard bioeconomic modeling framework (variables in yellow), extended with the multi-level 
interactions (blue and yellow variables). The multi-level interactions are, first, the interaction 
between water temperature and catch and, second, the empirically relevant interaction between 
water temperature and trader cooperation9.  
 
In the second part of our analysis we program the model and compare the performance of the 
bioeconomic model and the multi-level model against the data. Finally, we simulate the market 
interventions, that have been implemented in the squid fishery (increasing demand) and 
compare them to alternative market interventions (reducing trader cooperation)  in their effect 
on economic equity. The insights from theoretical and empirical considerations and analysis 
are:  
 
 

• Multiple levels of management exist in the squid fishery and previous research 
informs operational and strategic questions in the process of designing market 
interventions. 

• The interviews supported the conceptualization of the model, the assessment of the 
landscape of social-ecological states the fishery system has existed in and probabilities 
of other configurations of the system. The theme of inequity emerged from the 
interviews and was subsequently integrated in model development and analysis.  

• Oceanographic changes affect mutliple elements of the social-ecological system that 
have contradictory effects on fishers´ benefits from the fishery. However, continued 
oceanographic warming conditions that act on an interconnected system lead to the 
stabilization of a universal, collapsed state of the fishery. 

                                                
9 This is an establishment between traders holding fishery permits in the squid fishery perhaps most similar in organization 
to a cartel.  
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• The multi-level model is a better representation of the squid SES dynamics. The multi-
level models explanatory power outperforms that of the standard bioeconomic model 
when compared to observed fishery data. This confirms the need to explicitly consider 
social-ecological interactions at multiple levels.   

• Market interventions increasing market demand lead to higher turnovers for the 
traders and overall in the fishery but non-linearly increase already severe inequity 
between fishers and traders, because the traders capture the benefits from increasing 
prices. Simultaneous interventions to reduce trader cooperation, that is currently 
detrimental to outcomes in inequality, are needed to stabilize current equity levels. 
However, given the power dynamics within the fishery there might be limited political 
incentives to intervene with trader cooperation. 

 
 
I found this research process useful in uncovering the richness of elements in interplay i.e. the 
historical roots of organization and current types of fishers, the culture of fishing and the 
ownership of gear. We could have taken into account a large number of variables and  
interesting was the diversity of explanations for fishery outcomes and suggested improvements 
by the experts. Navigating this empirical richness and distilling the essential elements that affect 
the distribution of economic benefits required to step back several times, re-iterate over the 
assumptions and decisions we had taken. We have taken hundreds of decisions to narrowing 
both scope and explanations, building confidence in these decisions is not trivial. I understand 
the combination of weighing each decision against multiple sources of knowledge such as as 
deep empirical knowedge, iterations through interviews, similar cases in the literature and 
theoretical constructs, the source to building this confidence.   
 
The results we have come up with in the squid the manuscript intrigue me to further explore 
questions in the study systems. How realistic is the market intervention we suggest? How does 
the political system and established processes in the fishery allow for integration of SES 
complexities such as the excplicit interactions between fishers and traders?  
 
The phase of the research including interviews and field work affected the people I interacted 
with. Particularly, the methodologies I used and the topics enquired represent my worldview 
and display aspects of the research I, as a representative of my research environment, consider 
as relevant (Tengö et al., 2014). The perspectives I carry i.e. the assessment of a positive or 
negative fishery outcome, reflects this larger research environment and as such is 
disproportionately more influential than that where my study case is located: measured both by 
research funding and international travel and collaboration. Carrying and spreading this 
worldview is a critical source of losing resilience, where diversity of worldviews is generally 
thought of as a source of resilience in sustainability science (Levin, 1998; Tengö et al., 2014). 
In fact I believe this diversity is critical to expand beyond the current “solution space” i.e. 
known and established solutions to fishery sustainability challenges. I seek to counteract 
spreading a dominant worldview by allowing the study system in turn to influence this research. 
The interviews and policy narrative for example affected the path of this research in model 
development and analysis. The represented variables and outcomes we regard are context 
specific. We defined variables with the squid experts, who represented mainly the views of 
researchers and advisors of the fishery, and the pressing challenges through policy narrative 
analysis. The equity outcomes became an integral outcome to our analysis and the way we 
structured the model.  
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Summary and conclusions   
The price difference between local and global markets is an indicator for fishery outcomes and 
situations where both markets are present seem to be the most difficult to manage. In the market 
manuscript the globalization of markets in a local fishery can lead to outcomes of species 
recovery and collapse; in line with previous research on trade in fisheries (Erhardt, 2018). We 
find that these different outcomes can be explained with price asymmetries where large 
asymmetries between target species unsustainable fishing behavior reducing the species stocks 
whereas slight price asymmetries stabilize fishing effort compared to perfect symmetry. This is 
because the species stocks remain most stable if there are slight asymmetries in income that 
still provide a clear incentive for fishing but do not lead to overfishing one species. Balancing 
strong asymmetries in fishing incentives may be most beneficial for the sustainability of the 
fishery. Second, we find that the magnitude of difference in one dimension between scales i.e. 
the price difference between local and global market for a species, can be a useful indicator for 
estimating the type of outcome. If prices are locally low but high on the global market and the 
fishery begins to export to the global market we observed profound changes in fishing effort 
with consequences for the use of the target species. Extrapolating this learning to other 
interactions across levels and scales would be a relevant venue for future research in CSI. For 
fisheries management this translates to the need of paying attention to scale and level 
interactions - an understanding of the differences in one dimensions between the local fishery 
and the global driver could be helpful to anticipate outcomes.  
 
We hypothesize in the market manuscript that multi-level market situations are more difficult 
to manage than fisheries with only a local or a global market. In a multi-level market the 
incentive to continue fishing remains for any size of stock i.e. fishing income remains high both 
if populations are small and large. Monitoring and enforcement needs to be maintained under 
any stock condition in a multi-level market unlike for local and global markets. In other 
contexts, intermediate situations of trade expansion have been found to fare worst in monitoring 
and enforcement of trade contracts (Dixit, 2003). In Dixit´s (2003) model this is because self-
enforcing and externally enforced mechanisms are well-suited for small worlds and large 
worlds, respectively. In our example not the mechanism of enforcement makes the intermediate 
situation more difficult to manage but rather the incentives for exploitation that are maintained 
by the price structure in multi-level markets. Our hypothesis provides ground for further 
research of intermediate situations such as multi-level markets. Particularly interesting would 
be an understanding of this theoretical insight in an empirical context.  
 
Environmental change can influence the distribution of economic benefits in a fishery by 
affecting the bargaining power between traders and fishers. In the squid manuscript we show 
that squid dynamics affect multiple levels of the organization of the fishery, the trader and fisher 
level, to produce observed social-ecological outcomes. We build on and support the previous 
literature that has shown that traders are a key element in mediating the effects of international 
trade on fisheries (Ferse et al., 2014; Gibbon, 1997). We compared the effects of this 
relationship on the distribution of benefits in the fishery. It shows that equitable outcomes 
depend on the bargaining power between traders and fishers. This bargaining power in our 
example changes with the level of cooperation between traders. In the squid fishery the  
bargaining power is normally on the side of the traders because of their high levels of 
cooperation (De La Cruz González, 2007). We provide quantitative evidence for the importance 
of the traders to affect fishery outcomes and we advance the literature with the insight that an 
environmental mechanism critically affects the bargaining power between fishers and traders. 
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Taking into account the importance of traders remains a noticeable gap in the governance of 
small-scale fisheries- our study emphasizes the importance of taking it into account.   
 
We use the squid model to evaluate the management interventions implemented in the squid 
fishery. We show that ignoring multi-level links can lead to unintended consequences of 
management interventions. Our understanding is based on a single case but in European 
fisheries the failure to understand similar linkages in the system have been observed to lead to 
management failures (Degnbol and McCay, 2007). The model results reveal an important 
mechanism of trader cooperation and how it is affected by environmental changes to regard the 
distribution of benefits in the fishery that has previously not been accounted for.  We do not 
pledge for the direct translation of our simulated management interventions in the real context 
but provide a qualitative, rather than a quantitative, understanding of the fishery dynamics and 
as such any advice generated with help from the model results should be understood as strategic 
direction and should be further reflected on with experts from the fishery.  
 
A continuous dialogue between empirics and theory can help navigate different disciplinary 
assumptions. I propose that increasingly important economic interactions through expansion of 
seafood trade and global market access of fisheries merit more interweaving of SES research 
with economic theory. While theoretical approaches from economics provide a sound basis to 
understand and represent trade and market structures in SES I have found it to be restrictive in 
conceptualizing empirical challenges and complex interactions to guide sustainability questions 
in fishery more broadly. I propose that key to capturing the complexity of the social-ecological 
system while integrating economic theory is a question of division in the research/modeling 
process. The identification of the problem and its conceptualisation draws from empirical 
knowledge and methods from complexity science or  mixed methods approaches. Then the 
economic aspects of the problem are intepreted within economic theory. The early research 
process of the squid manuscript, was primarily shaped by empirical knowledge including the 
early model development, identifying the variables of interest and guiding the analysis 
(Approach section). We used existing (economic) theory, where appropriate to formulate our 
empirical findings. We followed theoretical assumptions where theoretical assumptions and 
empirical observations matched and diverted where empirics and theory were contradictory. 
The bioeconomic framework was useful in our case and provided the necessary coherence to 
avoid ontological conflicts when integrating our empirical findings in the model of the squid 
fishery10. Although this description appears to be linear the process is not and primarily outlines 
the major steps. All stages of the research process lived from a continuous engagement between 
theory and empirics. In navigating the sometimes conflicting disciplinary assumptions and 
insights both from empirical and theoretical research I found this differentiation in the research 
process, however, a useful approach of integration.  
 
Operationalizing SES complexity for fisheries management requires tools of intermediate 
complexity and an integration of regular empirical structures and patterns into general, 
theoretical models. The interface between science and policy is perhaps even more challenging 
than the interface between disciplines because of the differences in vested interests and time 
scales research and policy operate on. The literature and our experience in the squid case 
suggests that political processes in fisheries management of designing policies and market 
interventions can digest a limited level of information and complexity because of the fast time 
scales they operate on. However, complexity and SES research suggests that more complex 

                                                
10 The choice of a suitable framework should primarily depend on how well the framework allows to capture the major 
variables and processes rather than be guided by disciplinary considerations.  
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features need to be included in the understanding and management of fisheries. To address this 
conundrum this thesis suggests operationalizing SES complexity for fisheries management 
requires, first, the nuanced understanding and conditional sets of solutions and problem 
understanding. Models of intermediate complexity allow to develop this kind of knowledge. 
The empirical squid model represents such a model of intermediate complexity that we contrast 
with a simpler bioeconomic model. Furthermore, I regard models as critical tools because of 
their already widespread use in fisheries management. Second, a focus on the regularities of 
structures and patterns in complex systems that facilitate the selection process of key 
determinants of fishery outcomes and has been useful in the diagnosis of SES. Following the 
empirical conceptualization some dynamics can be replicated with existing theoretical models. 
Less explored dynamics, not formulated in theory or models, call for comparison with other 
fisheries where recurring patterns and structures may support the selection of critical sets of 
properties and processes that influence fishery outcomes. The squid manuscript provides an 
initial recipe how to operationalize this integration. This is a prototype from the manuscript that 
requires additional testing to be formulated into a formalized research process.  
 
Towards meeting the challenges of global change in fisheries. The UN Sustainable 
Development Goal 14 has set ambitious targets to change the current trajectory of fishery 
development (United Nations, 2015). Changing the current tracjectory of fisheries development 
is a challenge where science plays a key role in supporting fundamental changes in thinking 
(Folke et al., 2002; Lang et al., 2012). The study of interactions across levels and scales receives 
increasing attention from SES scholars and much energy has been put into the integration of 
disciplinary knowledge around fisheries. This thesis seeks to make a contribution towards this 
development in the context of fisheries and markets in three ways by (1) integrating scale and 
level considerations and their effects on local fisheries, (2) operationalizing one way to 
coherently integrate conflicting theoretical and empirical insights and (3) strategies to 
operationalize complex fishery dynamics in tools for fisheries management.  
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